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Description 

[METHOD FOR OPTIMIZING 
ARRANGEMENT OF LIGHT SOURCE 

ARRAY] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 91123798, filed on October 16, 2002. 
Background of Invention 

[0002] Field of the Invention: The invention relates in general to a 
method for optimizing arrangement of a light source ar- 
ray, and more particular, to a method for optimizing ar- 
rangement of an array of light sources applicable to an 
optical scan module. 

[0003] Related Art of the Invention: In the recent years, the great 
advancement of computers and the development of the 
Internet and multi-media techniques allow for extracting 
an image pattern from a digital camera (DC) directly. On 
the other hand, the image input process of other docu- 



merits or pictures requires an optical scanner to obtain an 
analog image therefrom. The analog image is then con- 
verted into a digital signal to be output. The users can 
thus perform display, recognition (OCR), edit, storage and 
output operation of the image file in a computer or an 
electronic product. According to the input method, the 
optical scanner can be categorized into palm scanner, 
sheet feed scanner, drum scanner and flatbed scanner. 

[0004] Each of the palm scanner, the sheet feed scanner, the 

drum scanner and the flatbed scanner requires allocating 
a light source which radiates a light beam on the docu- 
ment surface. Being reflected from the document surface, 
the light beam is received by a sensor in the optical scan 
module and converted into an electronic signal to be out- 
put. The sensor includes charge-coupled device (CCD) or 
contact image sensor (CIS). 

[0005] The following uses the flatbed scanner as an example. Re- 
ferring to Figure 1, the operation of a conventional flatbed 
scanner is schematically shown. A transparent document 
platform 30 is installed at the top of the flatbed scanner, 
and a reciprocally movable optical scan module 10 is in- 
stalled under the transparent document platform 30. A 
lamp 12 and a reflector 14 can be installed at the top of 



the optical scan module to emit light to the document 40 
disposed on the transparent document platform 30. The 
light reflected from the surface of the document 40 enters 
the optical scan module 10. Being reflected by the mirror 
16 and refracted by the lens, the light is received by the 
sensor 20 inside of the optical scan module 10. The re- 
ceived light is then converted into an electronic signal to 
be output. 

[0006] For the conventional technique, the conventional optical 
scan module uses a lamp as the light source. As the tech- 
nique of the light emitting diode (LED) has advanced, cur- 
rently the light emitting diodes able to emit red light, 
green light, blue light and white light have entered the 
mass production stage. Therefore, light emitting diodes 
have been designed as the light source to replace the 
lamp in the optical scan module. Figure 2 shows the 
schematic drawing of a linear light emitting diode light 
source. In this prior art, many light emitting diodes are 
linearly arranged on a carrying board as the light source 
required by an optical scan module for scanning. Again, 
using the flatbed scanner as an example, as the optical 
scan module of the flatbed scanner contains a light 
source, a reflector, a mirror, a lens and a sensor, each of 



which has a different response against red, green and 
blue light, the response to the primary colors, red, green 
and blue of the digital image files scanned by the optical 
scan module is slightly different from the image of the ac- 
tual document surface. 
Summary of Invention 

[0007] The invention provides a method for optimizing arrange- 
ment of a light source array, primarily a light emitting 
diode array light source used as the light source of an op- 
tical scan module of an optical scanner. In response with 
the optical response of other members of the optical scan 
module, the arrangement distribution of the light emitting 
diode light source is configured to optimize the color uni- 
formity of the scanned image of the optical scan module. 
The color difference from the image of the actual docu- 
ment source is thus reduced to enhance the fidelity of the 
scanned image. 

[0008] | n the method for optimizing arrangement of light source 
array provided by the present invention, optical response 
for the other members in the optical scan module is fixed. 
The optical response matrix function of the optical scan 
module and the light emitting diode light source array are 
measured to calculate the fixed value of the optical re- 



sponse matrix of other members. The optimal value of the 
optical response matrix of the light emitting diode light 
source array is calculated and used for configuring ar- 
rangement of the optimal light emitting diode light source 
array. The color uniformity of the digital image scanned 
by the optical scan module is thus enhanced, and the fi- 
delity of the scanned image is then improved. 
Brief Description of Drawings 

[0009] These, as well as other features of the present invention, 
will become more apparent upon reference to the draw- 
ings wherein. 

[0010] Figure 1 is a schematic drawing of the operation of a con- 
ventional flatbed scanner. 

[0011] Figure 2 is a schematic drawing of a conventional linear 
light emitting diode light source. 

[0012] Figures 3A to 3C are schematic drawings of various ar- 
rangements of a light emitting diode light source array. 
Detailed Description 

[0013] | n the embodiment of the present invention, a flatbed 

scanner is used as an example and described as follows. A 
transparent document platform is installed on top of the 
flatbed scanner. A reciprocally movable optical scan mod- 



ule is installed under the transparent document platform. 
An LED array light source and a reflector are disposed on 
top of the optical scan module to emit three primary color 
lights, that is, red, green and blue lights, on a surface of a 
document disposed on the transparent document plat- 
form. Being reflected by the document surface, the lights 
enter the optical scan module. Being reflected by a mirror 
and refracted by a lens, the lights are then received by a 
sensor. 

[0014] | t j S appreciated that the optical response for red light, 

green light and blue light is different for the light emitting 
diode array light source, the reflector, mirror, lens and 
sensor of the optical scan module. Therefore, the digital 
image generated by the optical scan module has poor 
color uniformity for the three primary colors, red, green 
and blue. A large color deviation from the image of the 
actual document surface thus results. Therefore, the 
present invention sums up the responses for various col- 
ors from each member of the optical scan module to gen- 
erate an arrangement of a set of light emitting diode array 
light sources. The digital image scanned by the optical 
scan module can thus have improved color uniformity for 
red, green and blue colors. The difference from the image 



of the actual document surface is thus reduced. 
[0015] Assuming that the optical response matrix for the optical 
scan module, the light emitting diode light source array, 
the reflector, the mirror, the lens and the sensor is se- 
quentially represented as 
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. The relationship between these optical responses is: 
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Where the optimal value of the optical response matrix is 
(R,G,B)=(1,1,1). To enhance the color uniformity of the 
optical scan module, the optical responses for the reflec- 



tor, the mirror, the lens, the sensor are summed up to ob- 
tain an optimized arrangement of the light emitting diode 
light source array, so that the optical response of the op- 
tical scan module is (R,G,B)=(1,1,1). 
[0016] As mentioned above, the optical response of the reflector, 
the mirror, the lens and the sensor can be fixed in ad- 
vance, so that an optical response of a sub-system 
summed up by the optical response of each of the reflec- 
tor, the mirror, the lens and the sensor is obtained as: 
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Therefore, when the optical scan module is performing a 
first test, the optical responses of matrices of the reflec- 
tor, the mirror, the lens and the sensor are replaced by 
that of the sub-system to obtain the optical response ma- 
trix as: 
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The measured optical response matrices of the optical 
scan module and the light emitting diode light source ar- 
ray are: 
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. Therefore, the optical response matrix of the sub- 
system is equal to the optical response matrix of the opti- 
cal scan module divided by that of the light emitting diode 
light source array. That is, 
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[0017] | n response with the above optical response of the sub- 
system, an arrangement of a set of light emitting diode 
light sources is calculated, so that the optical response of 
the optical scan module is optimized. That is, the opti- 
mized value of the optical response matrix of the optical 



scan module is (R,G,B)=(1,1,1) as: 
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. Therefore, the optimal value of the optical response ma- 
trix of the light emitting diode light source array is: 
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where the fixed value of the optical response matrix of the 
sub-system has been previously obtained. 
[0018] Therefore, the optimized value of the optical response 
matrix of the light emitting diode light source array de- 
rived by the above equation used to obtain the optimized 



arrangement of the light emitting diode light source array 
results in improved color uniformity of the digital image 
scanned by the optical scan module. The color difference 
from the real image of the document surface is thus re- 
duced to enhance the fidelity of the scanned image. 
[0019] According to the color and number of light emitting 

diodes, various arrangements of the light emitting diode 
light source result. Using the arrangement for three color 
light emitting diodes, as shown in Figure 3A, the light 
emitting diodes for each color can be vertically and lin- 
early arranged on a carrying board. As shown in Figure 3B, 
the light emitting diodes are horizontally and linearly ar- 
ranged on the carrying board. In Figure 3C, the light emit- 
ting diodes can also linearly staggered on the carrying 
board. Therefore, the present invention employs the 
above algorithm to obtain the optimized value of the opti- 
cal response matrix of the light emitting diode light 
source array. In response to the optimized value, an opti- 
mized arrangement of the light source array is provided. 
In addition to the optimized arrangement for the light 
emitting diode light source array, the present invention 
may also provide the optimized arrangement for multiple 
point light sources to enhance the color uniformity of the 



digital image scanned by the optical scan module. 
[0020] According to the above, the method for optimizing the ar- 
rangement of light source array of the present invention 
includes fixing the optical response for other members in 
the optical scan module first and measuring the optical 
response matrices of the optical scan module and the 
light emitting diode light source array. The fixed value of 
the optical response matrices for other members can thus 
be calculated. Further, the optimized optical response 
matrix of the optical scan module can be obtained to cal- 
culate the optimized optical response matrix of the light 
emitting diode light source array, which is then used to 
configure the optimized arrangement of the light emitting 
diode light source array. The color uniformity of the digi- 
tal image scanned by the optical scan module is thus en- 
hanced, and the fidelity of the scanned image is also im- 
proved. 

[0021] other embodiments of the invention will appear to those 
skilled in the art from consideration of the specification 
and practice of the invention disclosed herein. It is in- 
tended that the specification and examples are to be con- 
sidered as exemplary only, with a true scope and spirit of 
the invention being indicated by the following claims. 



